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This station uses a split mirror for mirror #2. The second part of mirror 2 is the above mirrored about the y axis. I.e.: 
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A1 



GEOMETRICALLY SPECIFY THE VOLUMETRIC (E.G. PHYSICAL) 
DIMENSIONS OF THE SCANNER HOUSING OF A HOLOGRAPHIC BIOPTIC 
LASER SCANNER TO BE DESIGNED INCLUDING THE POSITION AND SIZE 
OF A PAIR OF VERTICALLY AND HORIZONTALLY ARRANGED SCANNING 
WINDOWS FORMED THEREIN 



A2 



CREATE A 3-D SOLID GEOMETRY MODEL OF THE OPTICAL BENCH OF THE 
SCANNER AND THE SCANNER HOUSING SUPPORTED THEREUPON 



A3 



GEOMETRICALLY SPECIFY THE GENERALIZED 3-D STRUCTURE OF THE 
LASER SCANNING PATTERN AND SCANNING VOLUME TO BE GENERATED 
FROM SUCH SCANNING WINDOWS, INCLUDING SCANNING PERFORMANCE 
PARAMETERS (E.G. VOLUMETRIC DIMENSIONS OF THE LASER SCANNING 
PATTERN, LASER BEAM SPOT SIZE) OF THE LASER SCANNING PLANES 
PROJECTED THEREWITHIN, AS WELL AS THE FOCAL ZONES OF THE 
SCANNING PATTERN REQUIRED TO READ A PREDETERMINED SET OF 
BAR CODE SYMBOL STRUCTURES 





SELECT AN ARCHITECTURE FOR A HOLOGRAPHIC LASER SCANNING 
PLATFORM TO BE DESIGNED AND REALIZED UPON THE OPTICAL BENCH 
WITHIN THE SPECIFIED SCANNER HOUSING 



I 



CREATE A 3-D SOLID GEOMETRY MODEL FOR THE HOLOGRAPHIC SCANNING 
DISC AND EACH LASER SCANNING STATION IN THE HOLOGRAPHIC SCANNING 

SYSTEM 



I 



INTEGRATE THE 3-D SOLID GEOMETRY MODELS OF THE SCANNER HOUSING, 
OPTICAL BENCH, HOLOGRAPHIC SCANNING DISC, AND LASER SCANNING 
STATIONS TO FORM A 3-D HOLOGRAPHIC LASER SCANNING SYSTEM 



I 



SYMBOLICALLY EMBED A FIRST LOCALLY-DEFINED HYBRID CARTESIAN/ 
POLAR COORDINATE SYSTEM WITHIN THE 3-D SOLID GEOMETRY MODEL OF 
THE HOLOGRAPHIC LASER SCANNING SYSTEM, IN ORDER TO SPECIFY THE 

PROPAGATION OF LASER BEAMS GENERATED FROM THE LASER BEAM 
PRODUCTION MODULE OF LASER SCANNING STATION NO. 1 THROUGH THE 
FACETS ON THE HOLOGRAPHIC SCANNING DISC, AND OFF THE BEAM FOLDING 
MIRRORS ASSOCIATED WITH THE LASER SCANNING STATION, THROUGH THE 
BOTTOM SCANNING WINDOW FORMED IN THE SCANNER HOUSING. WHOSE 
COORDINATE REFERENCE SYSTEM IS INDICATED BY R^ocali 





SYMBOLICALLY EMBED A SECOND LOCALLY-DEFINED HYBRID CARTESIAN/ 
POLAR COORDINATE SYSTEM WITHIN THE 3-D SOLID GEOMETRY MODEL OF 
THE HOLOGRAPHIC LASER SCANNING SYSTEM, IN ORDER TO SPECIFY THE 

PROPAGATION OF LASER BEAMS GENERATED FROM THE LASER BEAM 
PRODUCTION MODULE OF LASER SCANNING STATION NO. 2 THROUGH THE 
FACETS ON THE HOLOGRAPHIC SCANNING DISC, AND OFF THE BEAM FOLDING 
MIRRORS ASSOCIATED WITH THE LASER SCANNING STATION, THROUGH THE 
BOTTOM SCANNING WINDOW FORMED IN THE SCANNER HOUSING. WHOSE 
COORDINATE REFERENCE SYSTEM IS INDICATED BY 



I 



SYMBOLICALLY EMBED A THIRD LOCALLY-DEFINED HYBRID CARTESIAN/POLAR 
COORDINATE SYSTEM WITHIN THE 3-D SOLID GEOMETRY MODEL OF THE 
HOLOGRAPHIC LASER SCANNING SYSTEM, IN ORDER TO SPECIFY THE 
PROPAGATION OF LASER BEAMS GENERATED FROM THE LASER BEAM 
PRODUCTION MODULE OF LASER SCANNING STATION NO. 3 THROUGH THE 
FACETS ON THE HOLOGRAPHIC SCANNING DISC, AND OFF THE BEAM FOLDING 
MIRRORS ASSOCIATED WITH THE LASER SCANNING STATION, THROUGH THE 
SIDE SCANNING WINDOW FORMED IN THE SCANNER HOUSING. WHOSE 



COORDINATE REFERENCE SYSTEM IS INDICATED BY R, 



L0CAL3 



I 



SYMBOLICALLY EMBED A FOURTH LOCALLY-DEFINED HYBRID CARTESIAN/ 
POLAR COORDINATE SYSTEM WITHIN THE 3-D SOLID GEOMETRY MODEL OF 
THE HOLOGRAPHIC LASER SCANNING SYSTEM, IN ORDER TO SPECIFY THE 

PROPAGATION OF LASER BEAMS GENERATED FROM THE LASER BEAM 
PRODUCTION MODULE OF LASER SCANNING STATION NO. 4 THROUGH THE 
FACETS ON THE HOLOGRAPHIC SCANNING DISC, AND OFF THE BEAM FOLDING 
MIRRORS ASSOCIATED WITH THE LASER SCANNING STATION, THROUGH THE 
SIDE SCANNING WINDOW FORMED IN THE SCANNER HOUSING. WHOSE 
COORDINATE REFERENCE SYSTEM IS INDICATED BY 




FIG. 7C 




SYMBOLICALLY EMBED A GLOBALLY-DEFINED HYBRID CARTESIAN/POLAR 
COORDINATE SYSTEM WITHIN THE 3-D SOLID GEOMETRY MODEL OF THE 
HOLOGRAPHIC LASER SCANNING SYSTEM, IN ORDER TO SPECIFY THE 
PROPAGATION OF LASER BEAMS GENERATED FROM LASER SCANNING 
STATION NOS. 1,2,3, AND 4 RELATIVE TO A GLOBALLY-BASED COORDINATE 
REFERENCE SYSTEM Rg L0SAL 



FOR EACH SCANNING FACET PASSING THROUGH EACH LASER SCANNING 
STATION IN THE HOLOGRPAHIC SCANNING SYSTEM, USE SPREAD-SHEET 
BASED MODELLING TOOLS TO CREATE A ANALYTICAL-BASED LIGHT 
DIFFRACTION MODEL OF THE LASER BEAM TO PROPAGATE FROM THE LASER 

BEAM PRODUCTION MODULE (LBPM), TOWARDS AND THROUGH EACH 
SCANNING FACET ON THE HOLOGRAPHIC SCANNING DISC IN THE SYSTEM (i.e. 
LASER SCANNING BEAM PRODUCTION MODEL) AS THE HOLOGRAPHIC 
SCANNING DISC ROTATES ABOUT ITS AXIS 



I 



CONVERT ANALYTICAL-BASED LIGHT DIFFRACTION MODELS CREATED IN STEP 
CIA INTO CORRESPONDING VECTOR-BASED LIGHT DIFFRACTION MODELS OF 
THE LASER BEAM DIFFRACTION PROCESSES AT THE FACETS OF THE 
HOLOGRAPHIC SCANNING DISC OF THE PRESENT INVENTION 




FIG. 7D 




FOR EACH SCANNING FACET MOVING THROUGH EACH OF THE LASER 
SCANNING STATIONS IN THE SYSTEM, ASSIGN (INITIAL OR UPDATED) VALUES TO 
THE FOLLOWING SCANNING FACET PARAMETERS IN THE SPREAD-SHEET MODEL 
CREATED IN STEP CI A ABOVE : THE INPUT ANGLE A,, THE ELEVATION ANGLE B j( 
THE SKEW ANGLE 9^ . , THE SCAN ANGLE 8 RnT . , THE FOCAL LENGTH F. OF 



ROT i ' 



THE FACET, AND THE BEAM DIAMETER AT THE POINT OF INCIDENCE OF THE 
LASER BEAM ON THE SCANNING DISC IN ORDER TO GENERATE THE DESIRED 
LASER SCANNING PLANES FROM THE SYSTEM UNDER DESIGN. 



I 



FOR EACH SCANNING FACET ON THE SCANNING DISC, CREATE A GEOMETRICAL 
OPTICS MODEL COMPUTING THE EQUALIZED FACET AREA A ; FOR EACH FACET 
WHICH ENSURES EQUALIZED LIGHT COLLECTION THEREFROM. 



I 



FOR EACH i-TH SCANNING FACET, NUMERICALLY EVALUATE THE RELATIVE 
LIGHT DIFFRACTION FACTOR Hj AND MODULATION DEPTH An., REQUIRED TO 
ACHIEVE THE SAME AND STORE THESE VALUES (FIGS. 10A-10F1 ) 



I 



FOR EACH i-TH SCANNING FACET, NUMERICALLY EVALUATE THE RELATIVE 
LIGHT COLLECTION EFFICIENCY t THEREOF (EQ. NO. 7) 



I 



FOR EACH i-TH SCANNING FACET, NUMERICALLY EVALUATE THE TOTAL LIGHT 
COLLECTION AREA A f THEREOF, USING SUBSTANTIALLY ALL OF THE SURFACE 
AREA AVAILABLE ON THE SCANNING DISC (EQ. NO. 8) 




FIG. 7E 




FOR EACH i-TH SCANNING FACET, DETERMINE THE MMINIMAL VALUE FOR THE 
INNER RADIUS r , WHICH ALLOWS DESIRED HOUSING HEIGHT USING 
REITERATIVE COMPUATATIONAL PROCEDURE 



i 



VERIFY THAT GEOMETRICAL PARAMETERS OBTAINED FOR EACH i-TH 
SCANNING FACET ABOVE ALLOW THE FACETS TO BE PHYSICALLY LAID OUT ON 
THE AVAILABLE SURFACE AREA UPON THE SCANNING DISC 



I 



CONFIRM THAT LIGHT TRANSMISSION EFFICIENCIES ALONG THE OUTGOING 
AND RELATIVE OPTICAL PATHS (FIG. 9) PRODUCE SUFFICIENT POWER LEVELS 
AT PHOTODETECTION 



I 



USE THE FACET PARAMETERS COMPUTED IN STEP C2A TO COMPUTE A SET OF 
CONSTRUCTION PARAMETERS FOR EACH FACET ON THE SCANNING DISC. 



I 



USE THE SET OF CONSTRUCTION PARAMETERS DERVIVED IN STEP C3A TO 
CONSTRUCT A CONSTRUCTION VECTOR AND THEREAFTER INSTALL THE 
CONSTRUCTION VECTOR INTO THE VECTOR-BASED LIGHT DIFFRACTION MODEL 
CREATED IN STEP C#OR EACH OF THE FACETS ON THE SCANNING DISC. 




FIG. 7F 




SPECIFY THE DEPTH OF FOCUS (DOF) AND THE MINIMUM BEAM SPOT SIZE (I.E. 
CROSS-SECTIONAL DIAMETER) OF THE LASER SCANNING PLANES TO BE 
GENERATED FROM EACH FACET ON THE SCANNING DISC AT EACH OF THE 
LASER SCANNING STATIONS. 



USING THE RESULTS FROM STEP C4A ABOVE AND INITIAL FACET PARAMETERS, 
SPECIFY THE FOCAL LENGTH AND NUMERICAL APERTURE OF THE VLD LENS IN 
THE REFRACTION-BASED MODEL OF THE LASER BEAM PRODUCTION MODULES 
USED IN THE HOLOGRAPHIC SCANNING SYSTEM SO AS TO PRODUCE LASER 
SCANNING PLANES HAVING THE DOF AND MINIMUM BEAM SPOT SIZE 
CHARACTERISTICS SPECIFIED IN STEP C4A. 



© 



FIG. 7G 




FOR EACH SCANNING FACET PASSING THROUGH LASER SCANNING STATION NO. 1 , 
ASSIGN (INITIAL OR UPDATED) COORDINATE VALUES FOR THE POSITION AND 
ORIENTATION OF EACH BEAM FOLDING MIRROR EMPLOYED IN THE LASER 

SCANNING STATION NO. 1 , AND USING SUCH COORDINATE VALUES, CONSTRUCT A 
VECTOR-BASED REFLECTION MODEL OF THE PROPAGATION OF THE LASER BEAM 
DIFFRACTED FROM THE SCANNING FACET TOWARDS AND OFF THE LASER BEAM 
FOLDING MIRRORS IN THE LASER SCANNING STATION SO AS TO ENABLE THE 

GEOMETRICAL MODELLING OF LASER SCANNING PLANE GENERATION PROCESSES 

DURING EACH REVOLUTION OF THE HOLOGRAPHIC SCANNING DISC ABOUT ITS AXIS 

OF ROTATION. 



FOR EACH SCANNING FACET PASSING THROUGH LASER SCANNING STATION NO. 1 , 
INTEGRATE THE VECTOR-BASED DIFFRACTION MODEL CREATED IN STEP C2A AND 
THE VECTOR-BASED REFLECTION MODEL CREATED IN STEP C5 SO AS TO CREATE A 
VECTOR-BASED GEOMETRIC OPTICS MODEL OF THE LASER SCANNING PLANE 
PROCESS GENERATED FROM THE SCANNING FACET AS IT IS PASSED THROUGH 
LASER SCANNING STATION NO. 1 . 



IMPORT THE VECTOR-BASED GEOMETRIC OPTICS MODEL CREATED DURING STEP 
C6A INTO THE 3-D SOLID GEOMETRY MODEL OF THE HOLOGRAPHIC SCANNING 

SYSTEM CREATED DURING STEP B3 IN ORDER TO ENABLE THE 3-D SOLID 
GEOMETRY MODEL OF THE HOLOGRAPHIC SCANNING SYSTEM TO GENERATE, 

RELATIVE TO THE GLOBAL COORDINATE REFERENCE SYSTEM Rqlobal, 
GEOMETRICAL MODELS OF THE LASER SCANNING PLANES PRODUCED DURING 
EACH REVOLUTION OF THE HOLOGRAPHIC SCANNING DISC. 




FIG. 7H 
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OPTIMIZE THE PHYSICAL DIMENSIONS OF EACH BEAM FOLDING MIRROR 
EMPLOYED IN LASER SCANNING STATION NO. 1 BY PROJECTING THE GEOMETRY OF 
EACH SCANNING FACET ONTO EACH BEAM FOLDING MIRROR INVOLVED IN THE 
GENERATION OF EACH SCANNING PLANE FROM THE LASER SCANNING STATION. 



FOR EACH SCANNING FACET PASSING THROUGH LASER SCANNING STATION NO. 2 t 
ASSIGN (INITIAL OR UPDATED) COORDINATE VALUES FOR THE POSITION AND 
ORIENTATION OF EACH BEAM FOLDING MIRROR EMPLOYED IN THE LASER SCANNING 
STATION NO. 2, AND USING SUCH COORDINATE VALUES, CONSTRUCT A VECTOR-BASED 
REFLECTION MODEL OF THE PROPAGATION OF THE LASER BEAM DIFFRACTED FROM 
THE SCANNING FACET TOWARDS AND OFF THE LASER BEAM FOLDING MIRRORS IN THE 

LASER SCANNING STATION SO AS TO ENABLE THE GEOMETRICAL MODELLING OF 
LASER SCANNING PLANE GENERATION PROCESSES DURING EACH REVOLUTION OF THE 
HOLOGRAPHIC SCANNING DISC ABOUT ITS AXIS OF ROTATION. 




FIG. 7J 




FOR EACH SCANNING FACET PASSING THROUGH LASER SCANNING STATION NO. 2, 
INTEGRATE THE VECTOR-BASED DIFFRACTION MODEL CREATED IN STEP CA2 AND THE 
VECTOR-BASED REFLECTION MODEL CREATED IN STEP D1 SO AS TO CREATE A 
VECTOR-BASED GEOMETRIC OPTICS MODEL OF THE LASER SCANNING PLANE 
PROCESS GENERATED FROM THE SCANNING FACET AS IT IS PASSED THROUGH LASER 
SCANNING STATION NO. 2. 



t 

IMPORT THE VECTOR-BASED GEOMETRIC OPTICS MODEL CREATED DURING STEP D2A 
INTO THE 3-D SOLID GEOMETRY MODEL OF THE HOLOGRAPHIC SCANNING SYSTEM 
CREATED DURING STEP B3 IN ORDER TO ENABLE THE 3-D SOLID GEOMETRY MODEL 
OF THE HOLOGRAPHIC SCANNING SYSTEM TO GENERATE, RELATIVE TO THE GLOBAL 
COORDINATE REFERENCE SYSTEM, GEOMETRICAL MODELS OF THE LASER SCANNING 
PLANES PRODUCED DURING EACH REVOLUTION OF THE HOLOGRAPHIC SCANNING DISC 



USE THE VECTOR-BASED GEOMETRIC OPTICS MODELS EMBODIED WITHIN THE 3-D 
SOLID GEOMETRY MODEL OF THE HOLOGRAPHIC SCANNING SYSTEM TO GRAPHICALLY 

PLOT THE PARTIAL LASER SCANNING PATTERN RESULTING FROM LASER SCANNING 
BEAM PRODUCTION PROCESSES SUPPORTED UPON LASER SCANNING STATION NO. 2. 



FIG. 7K 




CD 




FOR EACH SCANNING FACET PASSING THROUGH LASER SCANNING STATION NO. 3, 
ASSIGN (INITIAL OR UPDATED) COORDINATE VALUES FOR THE POSITION AND 
ORIENTATION OF EACH BEAM FOLDING MIRROR EMPLOYED IN THE LASER SCANNING 
STATION NO. 3, AND USING SUCH COORDINATE VALUES, CONSTRUCT A VECTOR-BASED 
-I REFLECTION MODEL OF THE PROPAGATION OF THE LASER BEAM DIFFRACTED FROM 
THE SCANNING FACET TOWARDS AND OFF THE LASER BEAM FOLDING MIRRORS IN THE 
LASER SCANNING STATION SO AS TO ENABLE THE GEOMETRICAL MODELLING OF LASER 
SCANNING PLANE GENERATION PROCESSES DURING EACH REVOLUTION OF THE 
HOLOGRAPHIC SCANNING DISC ABOUT ITS AXIS OF ROTATION. 

FOR EACH SCANNING FACET PASSING THROUGH LASER SCANNING STATION NO. 3, 
INTEGRATE THE VECTOR-BASED DIFFRACTION MODEL CREATED IN STEP C2A AND THE 
VECTOR-BASED REFLECTION MODEL CREATED IN STEP El ABOVE SO AS TO CREATE A 
VECTOR-BASED GEOMETRIC OPTICS MODEL OF THE LASER SCANNING PLANE PROCESS 
GENERATED FROM THE SCANNING FACET AS IT IS PASSED THROUGH LASER SCANNING 

STATION NO. 3. 



1 



IMPORT THE VECTOR-BASED GEOMETRIC OPTICS MODEL CREATED DURING STEP E2A 
INTO THE 3-D SOLID GEOMETRY MODEL OF THE HOLOGRAPHIC SCANNING SYSTEM 
CREATED DURING STEP B3 IN ORDER TO ENABLE THE 3-D SOLID GEOMETRY MODEL OF 
THE HOLOGRAPHIC SCANNING SYSTEM TO GENERATE, RELATIVE TO THE GLOBAL 
COORDINATE REFERENCE SYSTEM, GEOMETRICAL MODELS OF THE LASER SCANNING 
PLANES PRODUCED DURING EACH REVOLUTION OF THE HOLOGRAPHIC SCANNING DISC. 




FIG. 7M 
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FOR EACH SCANNING FACET PASSING THROUGH LASER SCANNING STATION NO, 4, 
ASSIGN (INITIAL OR UPDATED) COORDINATE VALUES FOR THE POSITION AND 
ORIENTATION OF EACH BEAM FOLDING MIRROR EMPLOYED IN THE LASER SCANNING 
STATION NO. A, AND USING SUCH COORDINATE VALUES, CONSTRUCT A VECTOR-BASED 
REFLECTION MODEL OF THE PROPAGATION OF THE LASER BEAM DIFFRACTED FROM 
THE SCANNING FACET TOWARDS AND OFF THE LASER BEAM FOLDING MIRRORS IN THE 
LASER SCANNING STATION SO AS TO ENABLE THE GEOMETRICAL MODELLING OF LASER 
SCANNING PLANE GENERATION PROCESSES DURING EACH REVOLUTION OF THE 
HOLOGRAPHIC SCANNING DISC ABOUT ITS AXIS OF ROTATION. 



FOR EACH SCANNING FACET PASSING THROUGH LASER SCANNING STATION NO. 4, 
INTEGRATE THE VECTOR-BASED DIFFRACTION MODEL CREATED IN STEP C2A AND THE 
VECTOR-BASED REFLECTION MODEL CREATED IN STEP F1 ABOVE SO AS TO CREATE A 
VECTOR-BASED GEOMETRIC OPTICS MODEL OF THE LASER SCANNING PLANE PROCESS 
GENERATED FROM THE SCANNING FACET AS IT IS PASSED THROUGH LASER SCANNING 
STATION NO, 4. 



1 



IMPORT THE VECTOR-BASED GEOMETRIC OPTICS MODEL CREATED DURING STEP F2A 
INTO THE 3-D SOLID GEOMETRY MODEL OF THE HOLOGRAPHIC SCANNING SYSTEM 
CREATED DURING STEP B3 IN ORDER TO ENABLE THE 3-D SOLID GEOMETRY MODEL OF 
THE HOLOGRAPHIC SCANNING SYSTEM TO GENERATE, RELATIVE TO THE GLOBAL 
COORDINATE REFERENCE SYSTEM, GEOMETRICAL MODELS OF THE LASER SCANNING 
PLANES PRODUCED DURING EACH REVOLUTION OF THE HOLOGRAPHIC SCANNING DISC. 




FIG. 70 
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LAYOUT HOLOGRAPHIC SCANNING FACETS ON THE HOLOGRAPHIC SCANNING 
DISC USING THE COMPUTED EQUALIZED AREAS FOR EACH FACET, AND ANY 
FACET ORDERING IMPOSED FOR SATISFICATION OF A PREDETERMINED 

CONSTRAINT. 



I 



H1 



DESIGN THE MULTI-FUNCTION LIGHT DIFFRACTIVE GRATING EMPLOYED WITHIN 
THE LASER BEAM PRODUCTION MODULE OF EACH LASER SCANNING STATION 
IN THE HOLOGRAPHIC SCANNING SYSTEM. 



I 



H2 



PERFORM ASTIGMATISM ANALYSIS ON THE RESULTING DESIGN OF THE LASER 
BEAM PRODUCTION MODULE. 



I 



H3 



PERFORM DISPERSION ANALYSIS ON THE RESULTING DESIGN FOR EACH LASER 
BEAM PRODUCTION MODULE AND HOLOGRAPHIC SCANNING DISC. 




FIG. 7Q 




FOR EACH LASER SCANNING STATION, DESIGN THE PARABOLIC LIGHT COLLECTION 
MIRROR DISPOSED BENEATH THE HOLOGRAPHIC SCANNING DISC IN RELATION TO 
THE SPECIFIED LOCATION OF THE PHOTODETECTOR ASSOCIATED THEREWITH. THIS 
PROCESS INVOLVES USING THE SPECIFICATIONS FOR THE HOLOGRAPHIC 
SCANNING DISC, SCANNER HOUSING, BEAM FOLDING MIRRORS AND RESULTING 
LASER SCANNING PATTERN. 

i ~ 

PERFORM OFF-BRAGG ANALYSIS ON FOCUSED LIGHT RAYS BEING DIRECTED FROM 
THE PARABOLIC LIGHT COLLECTION MIRROR THROUGH THE HOLOGRAPHIC 
SCANNING DISC, TOWARDS THE PHOTODETECTOR WITHIN LASER SCANNING 

STATION. 



DETERMINE (I.E. MINIMIZE) THE AREA OF PHOTODETECTOR EMPLOYED WITHIN 
THE LIGHT COLLECTION AND PHOTODETECTION SUBYSTEM IN EACH LASER 
SCANNING STATION. 

i ~ 

USE THE FINALIZED MODELS IN ORDER TO CONTRUCTTHE HOLOGRAPHIC 
SCANNING DISC, AND COMPONENTS EMPLOYED WITHIN THE HOLOGRAPHIC 

SCANNING SYSTEM 

1 

ASSEMBLE THE CONSTRUCTED COMPONENTS TO PRODUCE THE HOLOGRAPIC 

SCANNING SYSTEM 



FIG. 7R 




Fi<hM 



Diffracted 
Beam 
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Top View 




( 1 ) THE RADIUS TO BEAM-INCIDENT-POINT ON THE HOLOGRAPHIC 
SCANNING DISC, ASSIGNED THE SYMBOLIC NOTATION "r 0 " 

( 2 ) THE DISTANCE FROM RADIUS TO BEAM-INCIDENT-POINT r„ TO 
BEAM FOLDING MIRROR , ASSIGNED THE SYMBOLIC NOTATION "L" 

( 3 ) THE FACET NO. ON THE HOLOGRAPHIC SCANNING DISC, 
ASSIGNED THE SYMBOLIC NOTATION "i" 

( 4 ) THE DISTANCE FROM THE BEAM INCIDENT POINT ON THE VIRTUAL 
SCANNING DISC TO THE FOCAL PLANE WITHIN WHICH THE 
( i, j )-TH SCAN LINE RESIDES, ASSIGNED THE SYMBOLIC NOTATION "f," 

( 5 ) THE DIAMETER OF THE CROSS-SECTION OF THE LASER BEAM 
SCANNING STATION, ASSIGNED THE SYMBOLIC NOTATION "d BEAM " 

( 6 ) THE ANGULAR GAP BETWEEN ADJACENT HOLOGRAPHIC 
SCANNING FACETS, ASSIGNED THE SYMBOLIC NOTATION "d GAp " 

( 7 ) THE OUTER RADIUS OF THE AVAILABLE LIGHT COLLECTION 
REGION ON THE HOLOGRAPHIC SCANNING DISC, ASSIGNED THE 
SYMBOLIC NOTATION "r OUTER " 

( 8 ) THE INNER RADIUS OF THE AVAILABLE LIGHT COLLECTION 
REGION ON THE HOLOGRAPHIC SCANNING FACET, ASSIGNED THE 
SYMBOLIC NOTATION "r |NNER " 

( 9 ) THE FOCAL LENGTH OF THE i-TH HOLOGRAPHIC SCANNING 
FACET FROM THE SCANNING FACET TO THE CORRESPONDING FOCAL 
PLANE WITHIN THE SCANNING VOLUME, ASSIGNED THE SYMBOLIC 
NOTATION "fj" 

( 10 ) INCIDENT BEAM ANGLE, ASSIGNED THE SYMBOLIC 
NOTATION "Aj" 
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( 11 ) DIFFRACTED BEAM ANGLE, ASSIGNED THE SYMBOLIC 
NOTATION "B," 

( 12 ) THE SCAN ANGLE OF THE LASER BEAM , ASSIGNED THE 
SYMBOLIC NOTATION M e sj " 

( 13 ) THE SCAN MULTIPLICATION FACTOR FOR THE i-TH 
HOLOGRAPHIC FACET, ASSIGNED THE SYMBOLIC NOTATION "Mj" 

( 14 ) THE FACET ROTATION ANGLE FOR THE i-TH HOLOGRAPHIC 
FACET, ASSIGNED THE SYMBOLIC NOTATION "e R0Tj " 

( 15 ) ADJUSTED FACET ROTATION ANGLE ACCOUNTING FOR 
DEADTIME, ASSIGNED THE SYMBOLIC NOTATION "e' R0Ti " 

( 16 ) THE LIGHT COLLECTION EFFICIENCY FACTOR FOR THE i-TH 
HOLOGRAPHIC FACET, NORMALIZED RELATIVE TO THE 16TH FACET, 
ASSIGNED THE SYMBOLIC NOTATION %" 

( 17 ) THE MAXIMUM LIGHT COLLECTION AREA FOR THE i-TH 
HOLOGRAPHIC FACET, ASSIGNED THE SYMBOLIC NOTATION "Areaj" 

( 18 ) THE ANGLE OF SKEW OF THE DIFFRACTED LASER BEAM AT THE 
CENTER OF THE i-TH HOLOGRAPHIC FACET, ASSIGNED THE 
SYMBOLIC NOTATION "<t> SKEW " 
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PARAMETER EQUATION USED IN THE SPREADSHEET 
DESIGN OF THE SCANNER 



(D f, Focal Length - f jth facet 

(2) Bj Elevation Angle; 6 djf i = 90 - Bj 



(3) e 



Si 



'0 



(4) Mj := — cos(e skew ) + cos(X i ) + cos(B j ) 



(5) 9 roti : = 



^beam '"'gap 
— : + — ; — 



'0 



0 



dead 



(7) t 



-|2 



'20 



Sif1 [ B 20] 
sin ( B. ) 



(8) Area, : = % [~ r 2 t + r ? 1 

1 |_ outer + 1 innerj 20 



5, 



ski 

= 1 



1=1,2, ...20 
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GEOMETRICAL OPTICS MODEL FOR HOLOGRAFIC ( TOTAL OUT 
AND BACK ) LIGHT DIFFRACTION EFFICIENCY CALCULATIONS 

TRANSMFTTTED 
(REFLECTED) LASER 

BEAM TO 

PHOTODETECTOR 



BAR CODts SYMBOL 
"LAMBERTIAN SCATTERING' 




INCIDENT LASER BEAM I 

(ON-BRAGG) ^ PARABOLIC MIRROR 



S-POLARIZED FROM 
VLD POLARIZED 
SOURCE 



F ! G. 10A1 




F/&. /oA Y 



S AND P DI FFRACTION EFFICIENCY ANALYSIS 
FOR THE MOST G ENERAL CASE 

The following analysis takes into consideration slanted fringes, skewed design, 
off-Bragg effects, and disc rotation effects. It is assumed that the wavelength 
does not deviate from the design, and that all scattering, absorption, and 
reflection losses are taken into account by the transmission coefficients, t $ and 
t p) which are determined by measurement. 

Definitions: 

0. = Angle of incidence outside the HOE (0, =90°-A); 

a = Angle of incidence inside the HOE; 

9 d = Angle of diffraction outside the HOE {6 d =90°- B)\ 

p = Angle of diffraction inside the HOE; 

<p skew = Skew angle of the HOE; 

0 = Tilt of Bragg planes (<t>^% for no tilt); 

e R = Rotation angle of HOE grating (B R = 0 Ro when facet is centered); 

L = Separation of the Bragg planes; 

T = Thickness of the HOE medium; 

d = HOE surface fringe spacing; 

n 0 = Average refractive index of HOE medium; 

n 1 = modulation (i.e. amplitude of periodic variation) of refractive 
index; 

X a - Laser wavelength in air; 

t s = Transmission of S-polarization through disc considering losses; 
t p = Transmission of P-polarization through disc considering losses. 
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I L (smk 

41) a = arcsm — — p 



(2) (3 = arcs^n 



sin 



(3) <}) = arcsilQ 



<4) 



cos (3- cos a 



\ 



+ sinasin{3cos<|> jfew -cosacosp). 



+ 90 



1 



sii* 2 Q d sin 2 $ skew + (sin 6, + sin Q d cos <j> stew f 



a 



(5) £ = dsini<t> 

(6) C R = cosa 

(7) C s = cosia - -^4- cos § 

T \ 



(3) N = nn^ 



* (?) e * 0 =arcisin^— sin 0,, sin 



( 



( 



^ _ 2rc(sinasinj(j)cos9fl 0 + cosacos<|>) %k a 



1) 5 = T-^r 



Figure 10C1 



[12) k = -sin ot!>inpcos<|> Jitew + cos a cos P 



(13) E 



■ J 

par 



(s in(VA^ + S 2 J 



(14) E 



perp 



( 



1 + 



: Diffraction efficiencies EJ and E p , given losses ^ and t p which are specific to 
each polarization and include absorption, scattering, and reflection losses from 
a \K coatings on tie outer Surfaces of the disc glass. 



( 



6) P perp =l\-P l 



\(NKf 

I -sin^sinG^ 



^ par sin(arcccjs(- sin a sin (j>cos+ cos a cos (j))) 



par 



(18) £p=(£pL^ + £^>, 



otal out-and-badk efficiejicy is given by T» assuming no polarizer in front of 
t le photodetector| 



9) T S =E S 



+ E, 



Figure 10C2 



20) e^le^j^arcsir^ 



21) <fw{M = arctian 



22) ^{9, 



max. 



^ -2^-cose^sine,- +sin 2 6 / 



sin 9, 



_cos0^ - (d/X a )smBi _ 



cosG, 



e design efficiency of <he i facet is given by evaluating T s at the design 
cidence angle, 6/, the design rotation angle, Qr 0 , and the index modulation 
at maximizes tie efficiency, rtinu*, given the true maximum efficiency 

9ftn*x> that results from equation (22). The relative efficiency, 
by dividing the total efficiency of the first facet by that of the 



[incidence angle, 
I iy is then given 
facet. 



<P3) 



Tsi {®i>®imzx>®Ro ' n \ max } 



I Figure 10C3 



Diffraction Efficiency Variation with Disc Rotation 

Facet 1 : before optimization 
Fixed design parameters: 

6 f = 38° 9, = 52° <(w = 0° X a = 650 nm 

DCG parameters: 

T= 2.5 microns n 0 =lA0 * n x - 0.121 

Relative signal is equal to r,cos6rf. Note that the relative signal falls off as 
the rotation angle goes away from zero. This is for a maximum efficiency 
incidence angle, 0/ max > equal to 9/ (38°). This indicates a non-optimum 
configuration. 



Efficiency with Disc rotation 
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Diffraction Efficiency Variation with Disc Rotation 

Facet 1 : after optimization 
Fixed design parameters: 

8, = 38° 6, = 52° <!Wv = 0 o X„ = 650nm 

DCG parameters: 

T- 2.5 microns n 0 -lA0 n x =0.121 

Relative signal is equal to r^cosG^. Note that the relative signal at a rotation 
angle of +/-13° is equal to the relative signal at 0°. This is achieved when 
the maximum efficiency incidence angle, 0/ ma x 5 is 36.3°. 



Es 



100% -r 

90% - 



u 
c 

2 
"o 

St 

UJ 



70% \ 
60% 
50% - : 
40% - 
30% - 



10% 
0% 



PL - 



Efficiency with Disc rotation 

— Ep - - - -Ts Re!. Signal 



20% - i- — < : — -i : ; 



! 1 i ! I 1 1 1 1 1 1 1 1 1 

-14 -12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12 14 
Rotation Angle off Nominal (deg.) 



F \ Gf. I0b2- 



Diffraction Efficiency Variation with Disc Rotation 

Facet 7: before optimization 
Fixed design parameters: 

G, = 38° 9, = 32° <|w = 28° X a = 650 nm 

DCG parameters: 

T- 2.5 microns w 0 =l-40 «i = 0.121 

Relative signal is equal to T s cos§ d . Note that the relative signal falls off as 
the rotation angle goes from negative to positive. This is for a maximum 
efficiency incidence angle, G imax , equal to 8/ (38°). This indicates a non- 
optimum configuration. 
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Diffraction Efficiency Variation with Disc Rotation 



Facet 7: after optimization 

Fixed design parameters: 
ey = 38° 6^ = 32° 



tyskew ~28° 



X a ~ 650 nm 



DCG parameters: 
T- 2.5 microns 



«o= 1.40 



«,= 0.121 



Relative signal is equal to T^cosG^ . Note that the relative signal at a rotation 
angle of -14° is equal to the relative signal at +14°. This is achieved when 
the maximum efficiency incidence angle, 0/max* is 35.8°. 
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CREATE 3-0 GEOMETRICAL MODEL OF HOLOGRAPHIC LASER 
SCANNER BASED ON PARAMETERS OBTAINED FROM PRIOR 
STAGES OF SCANNER DESIGN METHOD, EXCLUDING PARABOLIC 
LIGHT COLLECTION MIRRORS AND PHOTODETECTORS 



PERFORM BRAGG SENSITIVITY ANALYSIS ON EACH 
HOLOGRAPHIC FACET USING THE HSD WORKSTATION TO 
DETERMINE THE RANGE OF INCIDENCE ANGLES OFF BRAGG, 
AT WHICH LIGHT RAYS REFLECTED OFF THE PARABOLIC MIRROR 
WILL BE TRANSMITTED THROUGH THE FACETS WITH 
MINIMUM DIFFRACTION (I.E. MAXIMUM TRANSMISSION ) 
TOWARDS THE PHOTODETECTOR DURING LIGHT COLLECTION 

OPERATIONS 



USE THE HSD WORKSTATION TO TRACE ALL INCOMING LIGHT 
RAYS REFLECTED OFF A BAR CODE SYMBOL ANYWHERE IN THE 

SPECIFIED SCANNING VOLUME ONTO THE FACETS OF THE 
PREDESIGNED SCANNING DISC, AND BASED ON THIS ANALYSIS, 
IDENTIFY A POINT(S) ABOVE THE SCANNING DISC AND BELOW 
TOP EDGE OF ASSOCIATED BEAM FOLDING MIRROR, WHICH IS 
FREE OF INCOMING LIGHT RAYS 



LOCATE THE POSITION ( I.E. CENTER AND OPTICAL AXIS 
ORIENTATION ) OF THE PHOTODETECTORS USING THE "RAY 
FREE POINT" INFORMATION ACQUIRED DURING BLOCK C ABOVE 



I 
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SELECT A GENERALIZED PARABOLIC SURFACE FUNCTION FOR 
USE IN SPECIFYING THE PARABOLIC LIGHT FOCUSING MIRROR 
OF EACH LIGHT COLLECTION / DETECTION SUBSYSTEM 



EXTEND THE GEOMETRICAL MODEL OF THE LIGHT 
COLLECTION / DETECTION SUBSYSTEM BY ADDING A LINE 
THERETO WHICH EXTENDS AT ONE OF ITS ENDS, FROM THE 
CENTER LOCATION OF THE PHOTODETECTOR PARALLEL 
TO AND ABOVE THE LINE OF LASER BEAM INCIDENCE 
TO THE SCANNING DISC 



SPECIFYING THE FOCAL LENGTH PARAMETER 

OF THE PARABOLIC SURFACE FUNCTION 
USED TO REPRESENT THE PARABOLIC MIRROR 
IN THE GEOMETRICAL MODEL OF THE LIGHT 
COLLECTION / DETECTION SUBSYSTEM 



H 



DETERMINE WHICH HOLOGRAPHIC FACET 
ON THE SCANNING DISC DESIGN HAS THE SMALLEST 

INNER RADIUS, r, , AND THEN USE THIS FACET 
TO DETERMINE THE LENGTHWISE DIMENSION OF THE 
PARABOLIC SURFACE PATH IN THE GEOMETRICAL MODEL 
OF THE LIGHT COLLECTION / DETECTION SUBSYSTEM 
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DETERMINE THE HOLOGRAPHIC FACET 
HAVING THE GREATEST ANGULAR SWEEP © 
ON THE SCANNING DISC 



SWEEP 



USE THE GEOMETRICAL MODEL OF THE SUBSYSTEM 
AND THE FACET HAVING THE GREATEST ANGULAR SWEEP TO 
DETERMINE THE LEFT AND RIGHT SURFACE BOUNDARIES 
TO BE IMPOSED ON THE WIDTHWISE DIMENSIONS 
OF THE PARABOLIC SURFACE PATCH 



REVISE GEOMETRICAL MODEL 
OF LIGHT COLLECTION / DETECTION SUBSYSTEM USING THE 
COMPLETE SPECIFICATION OF THE PARABOLIC SURFACE 
PATCH FOR THE PARABOLIC LIGHT FOCUSING MIRROR 



ANALYZE THE REVISED GEOMETRICAL MODEL ON THE HSD 

WORKSTATION TO CONFIRM THAT ALL LIGHT RAYS 
REFLECTED OFF THE PARABOLIC FOCUSING MIRROR ARE 
TRANSMITTED THROUGH THE RESPECTIVE HOLOGRAPHIC 
FACETS OFF BRAGG, TO ENSURE THAT MAXIMUM OPTICAL 
POWER IS TRANSMITTED TO THE PHOTODETECTOR 
( AT THE FOCAL POINT OF THE MIRROR ) FOR DETECTION 
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